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Fig.1 Schematic diagram of co-axial type fiber optic
F-P sensor structure based on diaphragm
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Fig.2 Relationship between output light intensity and
cavity length of fiber optic F-P sensor
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Fig.4 Relationship between sensing characteristics and
structural parameters of grooved diaphragm
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Fig.5 Relationship between interference fringe
contrast and F-P cavity length
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Fig.6 The change in light intensity corresponding to
different working points of the sensor

2 L F-PERESERHE

SCHSR ) MEMS $E A i 28 ek (MR -, 5 )
J11 3D 2y 58 B AXORT T 58 7 1 S T AT RE R
fil, AR 7(a) ((b) Fron. PREEEREN], M
R EAR 829.34 wm, JRBEN 7.91 wm, S RI B
M 1 650.43 pm, JiIEJE H A2 A1 811.38 pum, il £
EHSBOHMERZEA T 1 wm,

O RIS

(@) il (b) K
H7 MERREEE = EE

Fig.7 2D scanning image of the grooved diaphragm
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Fig.8 Fiber optic F-P sensor based on
grooved diaphragm
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High sensitivity fiber optic F-P partial discharge ultrasonic sensor

based on a grooved silicon diaphragm
ZHANG Lina', HUANG Yi', WANG Liangjie', LI Qun®, HAO Baoxin’, WANG Tingyun'
(1. Shanghai University (Key Laboratory of Specialty Fiber Optics and Optical Access Networks) ,Shanghai 200444 , China;
2. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
3. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China)

Abstract: A fiber-optic Fabry-Perot (F-P) ultrasonic sensor based on grooved silicon diaphragm for partial discharge (PD)
detection in power equipment has been designed and prepared. The parameters of the grooved diaphragm are optimized by finite
element simulation. The static sensitivity of grooved diaphragm is 4.09 times higher than that of traditional circular diaphragm,
while the resonant frequency is basically the same. The coupling efficiency is introduced to modify the traditional two-beam
interference model ,and the effect of the F-P cavity length on the contrast of the interference spectrum is studied to improve the
acoustic pressure sensitivity of the sensor. A grooved silicon diaphragm with a grooved diameter of 829.44 pm and a thickness of
2.09 wm is prepared by the micro-electro-mechanical system (MEMS). The F-P cavity length of fabricated ultrasonic sensor is
163.600 pm. The acoustic pressure sensitivity of the sensor is up to 357.78 mV/Pa at the resonance frequency of 61.5 kHz,and
the sensor performance is verified by combining with the gas insulated switchgear ( GIS) partial discharge defect model. The
experimental results show that the proposed sensor has the advantages of high sensitivity, good real-time performance, and
strong capable of detecting ultrasonic signals.

Keywords : fiber optic sensors; Fabry-Perot ( F-P) ; grooved diaphragm; micro-electro-mechanical system ( MEMS) ; partial

discharge ; ultrasonic testing
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